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ABSTRACT 
Non-verbal elicitation techniques may be used in addition to verbal methods in order to obtain meaningful 
subjective responses about the spatial attributes of reproduced sound. 
By analysing results from a preliminary graphical investigation, the provision of such responses has been 
appraised and practical considerations highlighted.  
Data analysis indicates that non-verbal responses uphold conventional expectations with respect to the effect of 
loudspeaker and listener location on perceived sound images. With this in mind, it is suggested that the technique 
be used to assess variables which have not been subject to such intensive study, or be employed in situations 
where a verbal language may not be appropriate. Further investigations are therefore proposed with respect to the 
findings of this paper. 
 
 
 
INTRODUCTION 
Elicitation experiments have gained favour in subjective audio 
research as a means of discovering what is actually perceived by a 
participant when listening to an auditory stimulus. An elicitation 
phase is therefore a useful starting point for many listening 
experiments, with the responses obtained from these initial 
explorations enabling the experimenter to pinpoint more accurately 
what is perceived, and thus to establish what to evaluate further using 
subjective assessment.  
Elicitation techniques have historically used verbal language in order 
to represent what a listener perceives on hearing a sound. In these 
experiments, the semantic emphasis is placed on the use of the 
participant’s own language, rather than on a language provided by an 
external source, such as the experimenter. This use of individual 
language can harness the personal constructs of a participant, whilst 
avoiding the numerous interpretation pitfalls associated with using 
someone else’s words to describe an event.  
No matter how useful verbal information is, it is worth remembering 
that verbal communication is not our only means of communicating, 
and this is especially true when what is being communicated is not 
inherently verbal, such as the perception of an auditory event. It may 
therefore be possible to obtain a greater amount of useful information 
about what is perceived if additional ‘languages’, including non-
verbal response mechanisms, are employed when eliciting percepts 
from participants in auditory investigations. Not only this, but it may 
be argued that the greater the similarities between the elicitation 
method and the percept, the smaller the amount of interpretation 
required between perception and representation. Less interpretation 
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results in more appropriate responses, and, as such, is an important 
quality for an elicitation method to possess. As non-verbal response 
techniques appear to provide this close link between response and 
auditory percept [1], it would seem advantageous to employ such a 
method in subjective elicitation investigation. 
 
With this in mind, the paper describes a preliminary investigation 
where a simple graphical elicitation technique has been used to 
obtain individual responses from a small group of musically 
competent participants. The investigation requires participants to 
describe, using pencil, tracing paper and their own drawing 
technique, what they perceive to be the spatial attributes of complex 
stereo sound sources reproduced over different loudspeaker pairs 
positioned in three locations within a BS1116 specified listening 
room. The procedure simultaneously investigates the influence of 
sub-optimal listener location on the spatial attributes of the perceived 
image.  
Although not seeking to prove or disprove a specific hypothesis, the 
visual responses produced by each listener have been examined using 
a variety of numerical and graphical techniques to indicate how 
graphical data can be analysed. Based on this analysis, the paper 
concludes by suggesting possible applications of the method, and 
highlights the many practical considerations, exposed during the 
investigation, that need to be acknowledged prior to the technique’s 
use in a more rigorous setting.  
 
1. INVESTIGATION CONDITIONS 
For this preliminary investigation of a graphical elicitation method, it 
was decided that participants would be asked to respond to complex 
sound sources reproduced over various loudspeaker locations. 
Furthermore listeners would be required to move between three 
listening positions at regular intervals during the presentation of the 
stimuli. Although using multiple variables added complexity to the 
investigation, it was felt that a pilot study was the perfect opportunity 
to experiment on a broad level, enabling the greatest breadth of 
information to be obtained from the participant, in order that 
prospective in-depth studies could be identified from within the body 
of data. In the following sections, the rationale for using the different 
investigation variables are explained and details of the conditions are 
outlined. 
 
1.1 Loudspeaker Location  
Throughout its history, research into loudspeaker sound quality has 
concluded on numerous occasions (for example [2, 3, 4, 5, 6]) that a 
loudspeaker’s location can have a direct effect on what is perceived, 
and likewise what is preferred, by a listener, due to the interaction 
between loudspeaker and listening room. It is also appreciated that, 
due to the constraints of the typical domestic environment, it is 
unlikely that all loudspeakers will be consistent in their placing at the 
‘optimum’ locations suggested for the method of audio reproduction. 
With this obvious conflict of interest between optimum and 
practically obtainable loudspeaker location, it is undoubtedly 
important to investigate the influence of position when assessing 
loudspeaker reproduction for small rooms. And although 
loudspeaker/room interaction has been covered much in the past, 
loudspeaker location effects on the perceived spatial attributes of the 
reproduced image have been less well documented. It is these 
attributes that are investigated here, using a different method of 
elicitation to establish initially what kind of data can be elicited 
which reflects the location of the loudspeaker within the room, and 
whether these graphical responses correspond with popularly held 
ideals.  
 
Three loudspeaker locations were chosen as variables in this 
investigation. The first loudspeaker pair, ‘A1’, was located ±30° 
around the central listening position; seat 2. This loudspeaker 
location was selected as it is a standard loudspeaker location for the 
reproduction of two channel stereo material. The ‘A1’ pair was 
positioned at ear height for an average listener sat in seat 2.  
The second loudspeaker pair ‘A2’ was positioned, again with tweeter 
at ear height, ±60° around the central listening location. It was 
decided that a wider loudspeaker location would be employed as it is 
more representative of loudspeaker placement in the home 
environment. Loudspeaker location ‘B3’1 was chosen again as a 
reflection of a more typical consumer loudspeaker positioning, 
whereby the loudspeakers are removed from the centre of the room 
to a more practical, if arguably less ‘accurate’ position in the corners 
of the space. Here the pair was raised to 1.65m above the ground so 
as to approximate a position on a bookshelf or cabinet. The layout of 
loudspeakers and listening positions within the room are illustrated in 
figure 1. 
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Figure 1 : Listening Room Layout 
 
1.1.1 Loudness Alignment Of Loudspeaker Pairs 
The output loudness level of each pair of loudspeakers, in each 
location was measured and analysed using a B&K Real Time 
Analyser 2133. The one–third octave band measurements made of  
uncorrelated pink noise for each pair of loudspeakers were then fed 
into Moore’s loudness model (as introduced in [7]) in order that the 
loudness level of each loudspeaker pair for each location could be 
equalised. Although only one location was occupied by each 
loudspeaker throughout this graphical phase, each pair of 
loudspeakers could ultimately be present in three locations, therefore 
12 different measurements were taken and aligned in this way.  
Although the alignment was undertaken twice, each time with the 
loudness model set-up differently, the subjective loudness of the 
loudspeaker pairs was not equal when the complex source material 
for the investigation (described in 1.4) was replayed over the pairs as 
opposed to the pink noise. It is thought that this subjective inequality 
could be a result, in part, of Moore’s loudness model being for steady 
as opposed to dynamically varying sounds and secondly due to the 
way stereo material sums at the listening position.  
Rather than attempt any in-depth study of the loudness alignment of 
dynamic sources at this point, it was deemed that for the purpose of 
this initial investigation – where the methodology itself is being 
studied - the levels suggested by the Moore model would be 
                                                
1
 The prefix of either ‘A’ or ‘B’ given to the loudspeaker pairs refers to 
the loudspeaker type. Although not explicitly studied in this non-verbal 
investigation, the effect of loudspeaker type on the perceived spatial 
attributes of reproduced material was assessed in the ‘verbal’ elicitation 
component of the same study. Hence two different sets of loudspeaker 
have been employed throughout, (these being a Rogers LS3/5A 
monitor loudspeaker pair and Genelec 1032A active bi-amped 
loudspeakers). Two pairs of each set of loudspeaker were available for 
use and are identified in this paper by the use of the prefix ‘A’ for the 
Genelec pairs and ‘B’ for the Rogers.  
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adequate, although further studies using similarly complex source 
material will address alternative methods of loudness alignment such 
as those proposed by Bech [8] and Aarts [9]. 
 
1.2 Listener Location 
As the majority of loudspeaker types require the listener to be in a 
specific location to obtain the optimum reproduction of their chosen 
source material, this position within the listening space is also worthy 
of exploration, and again has been investigated previously [10]. 
However, as with loudspeaker location, although the preferred 
listening location for each multichannel system is known, this is 
conventionally at odds with the typical domestic arrangement, where 
multiple listeners can be in all manner of sub-optimal locations. The 
combined effect of these creative listening locations with practical, 
aesthetically biased, loudspeaker positioning is therefore worthy of 
further study. 
The three listener locations were chosen to represent both on-axis 
(seat 2) and off-axis (seat 1 and seat 3) listening positions with regard 
to the optimum loudspeaker location (A1). All chairs were set 1m 
apart in width with seat 3 being 1m further back than both seat 1 and 
seat 2. Seats 1 and 3 were positioned off-axis to reflect the 
restrictions of the domestic listening environment, where it is not 
always possible to be located at the exact ‘sweet spot’ of the stereo 
reproduction. 
 
1.3 Source Material 
Olive et al [3] suggest that it is not only loudspeaker and listener 
locations that need to be addressed when assessing the sound quality 
of loudspeaker reproduction. As properties of a given loudspeaker 
when combined with a particular room location may be more 
flattering to certain sorts of programme material than others.  
Not only can a programme item bias a listening test due to its 
physical characteristics, but questions of the psychological 
interaction between stimuli and listener should also be considered. 
For Guski [11], stimuli should be recognisable to the participants 
because of how people audition an event. He points out that whilst 
listening to a given stimuli a participant will try to identify the source 
of the sound and, in their own way, make sense of what they have 
heard. Any ambiguity in the source material could therefore enhance 
what are known in subjective assessment to be ‘demand 
characteristics’ [12] whereby the confusion introduced by the 
researcher, in this case the identity of the source material, is 
compounded by the confused way in which the listener attempts to 
make sense of the material and then work this ‘sensical’ version of 
events, their own personal agenda, into the research. 
Although this suggests that clarity in the identity of the source 
material is to be encouraged, it does not eradicate personal 
preference in the listener, and it has been seen [3] that the musical 
taste of the participant could further influence their responses. It is no 
surprise then that in a 1985 paper looking at the subjective 
measurement of loudspeaker sound quality [2], Toole states that 
“choosing programme material represents one of the most obvious 
opportunities for prejudicing the results of listening tests”.  
 
On a more practical level, the editing of a piece of source material 
prior to its inclusion in a subjective assessment needs careful 
consideration. Any material used, will need, quite simply, to contain 
those characteristics being assessed. There is also debate about how 
long a piece of source material should be. Olive et al [3] believe 
using repeatable programme material increases the efficiency and 
ease of the listeners’ task. However they too add that it is critical for 
shorter reference material to include useful signals which can reveal 
what is being assessed. 
Rumsey[13] also believes caution must be taken in the selection of 
programme items for listening tests, particularly with regard to the 
complexity of the source material. It is believed that fast moving 
sources or those of a changeable nature are likely to be harder to 
grade reliably than material which is reasonably static, as complex 
material leads to ambiguity in assigning an individual effect to a 
simple cause. 
For this investigation, five different musical extracts were used. In 
choosing the material, the criterion was that it had to contain 
interesting spatial information (for example well localisable 
instruments, variable width in the perceived stereo images, depth 
information, size cues). Although music is by definition ‘complex’ 
and the sources chosen were not simple with respect to number of 
instruments present, or the complexity of the melodic line, it was 
decided that this initial investigation would be an opportunity to 
assess how participants would respond to recognisable complex 
stimuli using graphical responses and to potentially answer a handful 
of questions; Would participants all respond in the same way? Which 
spatial attributes would be depicted in the time allowed? Would it be 
possible to assess preference for a particular source material? Would 
graphical elicitation allow for ‘more’ of the complex image to be 
represented than a verbal response method? 
Because of the complexity of the sources, a one-and-a-half minute 
segment from each piece was looped onto a DA88 tape, to enable the 
listeners to obtain as much information as possible from the 
recordings. In specifying the five programme items, it was possible 
to represent a selection of different musical genres. Information 
about the source material is given in Table 1 below. 
 
Genre        Main Instruments          Characteristics 
Jazz trumpet, drums, piano, 
string bass 
Image clarity, definition 
Blues male voice, sax, piano, 
drums, guitar, bass 
Localisation, clarity 
Choral female voice, choir, organ Width & depth cues, size 
Rock solo guitar, guitars, 
audience, percussion 
Distance, width, size 
Classical solo violin, wind, horn, 
strings 
Localisation, depth, size 
 
Table 1 : Information About Programme Material  
 
1.4 Participants 
Three participants were involved in the non-verbal investigation. All 
were second year students at the University of Surrey and can be 
considered musically competent, if not ‘expert’ listeners. It is noted 
that by using musical listeners in a task where they are asked to 
respond to the spatial aspects of a musical reproduction, their prior 
knowledge of conventional instrument positioning within an 
ensemble, and understanding of the comparative size of each 
instrument within the ensemble, may lead to responses being based 
on this pre-existing knowledge rather than what is actually heard. A 
possible means of reducing this biasing effect would be to use  
non–musical sources, such as noise, but as previously stated, this 
could increase the likelihood of ‘demand characteristics’ on the part 
of the listener. Additionally it is arguably more difficult to respond 
‘multidimensionally’ to the spatial characteristics of a noise source. 
Alternatively the use of ‘synthetically’ created music could be 
appropriate, as the representation of a ‘real world’ event is not the 
main objective in these genres and therefore effects of pre-existing 
spatial knowledge are removed. 
As only three participants were used in the study, it is acknowledged 
once again that the external validity of the study is limited, though it 
should be reiterated that the aim of the investigation is as an 
exploratory study to highlight areas for further examination.  
 
 2. INVESTIGATION PROCEDURE 
The investigation required all listeners to participate in seven session 
‘runs’. During each run all three participants were present and heard 
the same extract of music. Additionally, within each run, the listeners 
were also required to change their listening location to include each 
of the three seats. The source material was repeated until all 
participants had completed the response sheets for the three different 
listening locations. Although they were not aware of it, (due to the 
loudspeakers being located behind an acoustically transparent screen) 
the loudspeaker pair reproducing the source material was altered with 
each new run. A table of session run information is provided below 
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in Table 2. As previously mentioned1, the loudspeaker pairs are 
referred to as type ‘A’ - the Genelec pairs and ‘B’ the Rogers, with 
the subsequent number, 1, 2 or 3 referring to the loudspeaker location 
as illustrated in Figure 1. Hence ‘A1’ would indicate the loudspeaker 
pair in use was a pair of Genelec's positioned at ±30° around the 
central listening position (seat 2).  
As can be seen from Table 2, a single repeat is included (run seven) 
and although there is a partial repeat (run six), in which the same 
source material is used with a different loudspeaker pair, it is noted 
that the lack of repeats in this investigation limits the usefulness of 
the data, as listener repeatability, and the reliability of the method 
cannot be accurately assessed.  Future investigations will contain a 
greater number of repeated runs. 
 
Run No Speaker Pair  Source Music  
One B3 Classical 
Two B3 Jazz 
Three A1 Blues 
Four A1 Folk Rock 
Five A2 Choral 
Six A2 Jazz 
Seven B3 Classical 
 
Table 2:  Session Information Breakdown 
 
2.1 Response Method & Response Sheets 
The participants were instructed to record their response to the 
stimuli using a pencil and the tracing paper provided. The tracing 
paper itself had no information on it, however an A4 sized ‘guide’ 
sheet was provided (Figure 2) indicating the location of the three 
listening locations, the sides and perceived centre of the room and the 
acoustically transparent curtain.  
The participants were required to mark the seat where they were 
positioned with a cross, and draw all guidelines onto their tracing 
paper prior to the start of each run. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 : Guide Sheet for Graphical Responses 
 
2.2 Training 
No formal training was offered to the listeners prior to their 
participating in the non-verbal component of the investigation. 
However it should be noted that all participants had, by this stage, 
completed the verbal study.  
In the verbal phase, listeners were presented with triads of stimuli, 
using a technique similar to that used in the elicitation stage of the 
Repertory Grid Technique [14], and were asked how each stimulus 
was similar to, or different from, the remaining pair, concentrating 
primarily on the spatial attributes of the reproduction. Due to this 
previous experience, a degree of familiarity with the source material 
for the graphical investigation, and indeed the nature of the study, 
was assumed.  
 
2.3 Depicting Events 
Because listeners were familiar with the source material and the 
objectives of the investigation, they were simply asked to represent 
what they perceived to be the spatial attributes of the audio event 
they heard on the response sheet (tracing paper) provided. In answer 
to queries about ‘how to draw’ what had been perceived, the listeners 
were informed to draw in any appropriate style. The rough sketch 
illustrated in Figure 3 was shown to the listeners as a potential way 
of representing audio events. However no direct guidelines on what 
to draw, or how to depict percepts, were given to the participants as it 
was felt that the style of ‘drawing’ employed should be entirely 
personal, in the same fashion as the language used in RGT 
elicitation.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 : Illustration of Potential Graphical Technique 
 
3. ANALYSIS OF RESPONSES 
The graphical responses provided by the listeners were analysed 
using three different techniques. Firstly the depictions were studied 
independently to see if any trends could be established. Listeners’ 
representations of selected spatial attributes were then measured to 
assess whether there was any inter-participant correlation with 
respect to the depiction of these attributes. Thirdly, by overlaying the 
responses of the different participants to the same stimulus, density 
plots were created. As listener depictions were recorded on tracing 
paper, the creation of these plots was simply a case of lining up the 
cues provided on the guide sheets (see Figure 2) and recording the 
listener responses using pencil and paper. Density plots created using 
this method can be found in Appendix 1. 
Additional plots were constructed whereby only the focal instrument 
depicted by each listener in each run was represented. These plots 
have the advantage of being simpler than the total image density 
plots of Appendix 1. Focal instrument plots can be found in 
Appendix 2.  
 
3.1 Analysing Individual Participant Responses 
By studying independently the responses provided by each 
participant, it was immediately obvious to see that all had employed 
a different style when drawing, and each had, on numerous 
occasions, chosen to represent different instruments within the total 
image. Because of this disparity in representation, analysis of the 
spatial attributes of individual instruments in each programme item 
was made more difficult. As a result, data analysis has concentrated 
on how the image as a whole, or how a ‘focal’ instrument, has been 
perceived. The uniqueness of the depictions is not considered to be a 
drawback at this stage of the investigation, as, by not specifying a 
preferred style or content for the responses, a clearer impression of  
 
  
 
 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Listener one    Listener two    Listener three 
 
 
Figure 4 :  Participant Depictions for Run Four Centre Listening Position 
 
 
the intuitiveness of this elicitation method can been achieved, with 
each participant depicting what they perceive to be important2.  
  
The styles employed by each participant to depict their percepts 
ranged from very simple to detailed. One listener, listener three, 
chose to represent the image as a single rectangular structure at all 
times other than when a focal instrument was obvious. The other 
listeners both chose more complex methods of depiction, separating 
the image into the individual instrument components. However there 
were occasions when the actual instruments represented differed 
between the listeners and differed according to where an individual 
listener was sat. Figure 4 comprises responses obtained from the 
three listeners in the central listening location (seat 2) for the fourth 
run.  
 
In the selected representation from run four, the simple style of the 
third listener is illustrated. By contrast listener one provides spatial 
information for a range of different instruments, identifying guitars 
and various percussive instruments, including one that has been 
termed ‘claps’ – arguably more a description of the sound that an 
actual instrument.  
Listener two uses a drawing scheme similar to listener one; however 
even more detail is included by this listener to the extent that the 
audience heard on the recording is depicted on the response sheet.  
 
The inclusion of many different percussive instruments by the first 
and second listeners initially suggested that different verbal 
descriptors were being used to label the same instrument image. 
However when these images were overlaid, no correlation could be 
found between them. It was then thought that the listeners could have 
been responding to the same stimuli, but believed it to be in very 
different locations, or may have heard different instruments 
according to what they were focussing on in the complex image.  
 
 
 
 
 
                                                
2
 It is also possible that the individual depictions of each listener are 
simply the result of listeners omitting instrument images from their 
representation, or listener uncertainty (not knowing where an instrument 
was or how to represent it graphically). Instrument omission could be 
due to the dynamic source material, with listeners representing only a 
small section of the total programme, hence not capturing all the 
possible data. 
 
 
One thing is clear from studying the individual responses from many 
of the runs, including run four: In order that more coherent data can 
be provided by the listener, the source material needs to be far less 
complex. Programme items should contain fewer instruments, and 
those that are present need to be consistent in their spatial and 
temporal identities. Evidence to support this theory comes from the 
one run where the instruments were few (run five). Here simple 
choral music has produced far more coherent responses (in terms of 
instruments depicted), with the same instruments being represented 
by the two listeners who participated in this session3. The depictions 
from the central seat of this run are presented in Figure 5 below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Listener one   Listener two 
 
Figure 5 : Graphical Depiction of Simple Choral Music from  
Central Listening Location 
 
3.2 Numerical Data Analysis  
After graphical responses were analysed individually, the spatial 
attributes of  total image width, total image depth, distance between 
listener and image, distance between curtain and image, and the 
degree of skew of the listener’s representation from the centre of the 
                                                
3
 It should be noted that two listeners completed the full seven runs, 
with a third listener taking part in runs one to four only. The results from 
this third listener are included in the analyses that follow where 
individual responses are displayed. Where mean averages are quoted, 
this is the mean value of the two participants who completed the full 
investigation. 
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response sheet were measured. Although a complete analysis of these 
measurements is beyond the scope of this paper, its purpose being to 
highlight areas of interest resulting from the study not to provide 
conclusive evidence from its results, selected numerical data is 
included where the objectives of the paper are met. Of particular 
interest are the findings for perceived image width, depth and image 
skew, the results of which are outlined in the subsequent sections. 
 
3. 2. 1 Perceived Image Width 
The conversion from the graphical response of each participant, to 
numerical data for perceived image width was achieved by 
measuring (in mm) the furthest left to the furthest right points for 
each depiction from each listening position. The distance between 
these two points providing the total perceived image width. 
Once measurements for all listeners in all listening locations were 
completed, mean averages for image width were calculated and are 
displayed in Table 3 below. 
 
 Run  Seat 1 Seat 2 Seat 3 
One 96 103.5 58 
Two 42 62.5 45.5 
Three 51.5 87.5 57 
Four 104 124.5 109.5 
Five 66.5 109 64.5 
Six 41 67.5 65.5 
Seven 74.5 80 83 
 
Table 3 : Mean Responses for Perceived Image Width; Measured in 
(mm) for Three Listening Locations 
 
As illustrated in Table 3, the mean average for run four is greater 
than for all other runs, indicating that a wide image is perceived for 
the optimally located loudspeaker pair. However this width could be 
a consequence of the complex source material, whereby the greater 
number of instruments represented by each listener produces the 
illusion of a greater image width when combined together.  
This theory is somewhat challenged when the widest and narrowest 
individual responses for all listeners are tabulated according to run 
number in Tables 4 and 5. From these tables it is clear that all 
participants are in agreement as to the image width, with runs four, 
five, seven and one being perceived as producing ‘wide’ images, and 
runs two, six and three consistently producing narrow images.  
 
        Listener            Listener  
Seat one two   three  Seat  one two   three 
1      2 6       3    1       4 7       4 
2      6 2       2    2       5 4       1 
3      2 2       3    3       4 4       1 
 
Table 4 : Run Numbers with  Table 5 : Run Numbers with 
 Narrowest Image  Widest Image 
 
The results for perceived image width also conform to conventional 
theory with respect to the influence of listener location, with seat 2, 
the optimum for stereo reproduction, producing consistently wider 
images than the two sub-optimal locations. Sub-optimal listening 
location one, the location nearest to the acoustically transparent 
curtain on the left of the listening space, provides the narrowest 
image responses in all but two of the cases (runs one and five). This 
image narrowness could be a result of the listener’s proximity to the 
nearest loudspeaker, positioned as it is just behind the curtain. Run 
one may not be affected by this proximity effect as the loudspeakers 
for this initial run are at the rear of the space (position B3). However 
this simple theory does not explain why images for runs two and 
seven are still perceived to be narrow from this listening location, 
using as they do the rear loudspeakers.  
 
The position of seat 3, one metre behind the other listening locations 
and off-centre to the right, provides some interesting graphical 
representations. Although it would be intuitive to expect an auditory 
image perceived from a greater distance to be represented as a 
smaller object in a graphical display (as one would a visual object 
perceived from a greater distance), this has not occurred in these 
results. Here, seat 3 provides a variety of image widths from 
narrower to greater (in run seven) than the other two listening 
locations. The influence of distance between image and listener on 
image width, would be interesting to look into further on the basis of 
these responses. 
 
            Narrowest Perceived Image Width                Widest 
Seat 1  6      2 3 5 7 1 4 
Seat 2  2      6 7 3 1 5 4 
Seat 3  2      3 1 5 6 7 4 
 
Table 6  : Investigation Runs, Ordered According to Image Width   
 
When runs are ordered according to perceived width (as in Table 6), 
there is a good (and possibly obvious) correlation for seat 2 between 
perceived image width and the physical width4 of the source material. 
Hence the small jazz ensemble used in runs two and six is perceived 
as narrowest, with the classical orchestra of runs seven and one, or 
the blues ensemble of run three being perceived as next in width 
order. Here an element of doubt is introduced into the existence of a 
simple correlation between the perceived width of the image and the 
‘size’ of the source material, as the differences in physical size 
between a full orchestra and a small ensemble suggests that an 
orchestra should be perceived to be wider. Things are clarified when 
loudspeaker location is considered. The blues material (run 3) is 
reproduced over the optimum loudspeaker location (A1). ‘A1’ has 
consistently produced wider images than the other loudspeaker 
locations, suggesting that image width could be influenced not only 
by the physical size of the source material but also by this difference 
in loudspeaker location.  
The simple equation between the physical width of source material 
and perceived image width is compromised when listeners move 
away from the optimum listening location. In both seats 1 and 3, the 
choral music of run five is found towards the narrowest end of the 
width scale, a surprise as the material contains obvious width ‘cues’ 
and is perceived as the second widest image from seat 2. It is 
interesting to note here that run five uses the sub-optimal loudspeaker 
placement of ±60° around a central listening location. This 
loudspeaker location coupled with the off centre listening positions is 
a likely reason for the decrease in perceived image width. 
 
3. 2. 2  Perceived Image Depth 
In addition to total image width, the distance between the front most 
point of the represented image and the rear most point was measured 
to provide an indication of perceived image depth. As with image 
width, these depth measurements were averaged for the participants 
and the mean for all three listening locations calculated. However, 
unlike for image width, the mean responses for image depth did not 
produce a table that highlighted obvious correlation between 
perceived depth and variable manipulation. Rather, individuality in 
the listeners’ depiction of image depth produced very confused data.   
 
            Shallowest Perceived Image Depth        Deepest 
Seat 1  3      2 1 6 7 4 5 
Seat 2  1      2 6 3 7 4 5 
Seat 3  2      1 3 7 6 4 5 
 
Table 7: Investigation Runs, Ordered According to Perceived Image 
Depth   
                                                
4
 For the purpose of this paper, physical width of source material relates 
to the actual width of the ensemble, and is influenced by the space in 
which the source material was recorded and indeed consequences of 
the recording technique. Assumption of prior knowledge on behalf of 
participants should also be acknowledged, in other words, will listeners 
perceive physically larger ensembles to be larger regardless of 
recording or experimental conditions? 
FORD ET AL.  GRAPHICAL ELICITATION TECHNIQUES 
AES 110TH CONVENTION, AMSTERDAM, NETHERLANDS, 2001 MAY 12–15 7 
When, as illustrated in Table 7, the runs are displayed in order from 
the shallowest to the deepest perceived response, it is possible to 
identify some order. It is noticeable, for instance, that run five is 
perceived to be the deepest image from all seating locations. 
However this is very much a reflection of listener one, who was 
consistent in portraying the choral material with greater depth than 
the other images. (This can be seen from the previously displayed 
Figure 5). Runs one, two, and three, produced images that were 
perceived to be shallower than runs four, six and seven. 
Unfortunately, unlike perceived image width, there is little obvious 
reason as to why the data is as it is! Runs two and six use the same 
source material, yet appear at opposing ends of the scale, and runs 
one, two and seven use the same loudspeaker location, with runs one 
and two consistent in their placing at the shallower end of the scale 
but run seven perceived as producing a deeper image. 
 
It is likely that insufficient participants and very individual 
interpretations of image depth by those participants who were present 
is responsible for the inconsistent results. It may also be possible that 
this non-verbal elicitation method is not the most appropriate for 
obtaining depth percepts from listeners. Alternatively, it is possible 
that image depth is not considered by participants when depicting the 
spatial attributes of an auditory stimulus. It is interesting to note that 
when, in the verbal part of the investigation, participants were asked 
to describe what they had heard, depth was not mentioned at all as an 
attribute of the reproduced sound. Only when specifically prompted 
as to their perception of an image’s depth did listeners begin to listen 
out for depth cues. This would suggest that the attribute is not a 
primary descriptor, in whatever language, when describing an 
auditory event, and would indicate that the development of a specific 
investigation would be beneficial to its assessment. Source material 
could be chosen to concentrate specifically on depth rather than on 
more heavily weighted spatial cues. 
 
3. 2. 3  Perceived Image Skew 
For the purpose of this investigation, image skew refers to the degree 
of shift an image undergoes away from the central axis as depicted in 
Figure 6. 
 
                                        ?°               0° 
         
 
 
 
     central point 
  
     
          0° 
 
Figure 6 :  Calculating Image Skew For Listening Location 1 
 
Skew is calculated as an angle, where 0° is taken to be the central 
vertical axis commencing at the rear of seat 2. To establish the 
amount of skew from centre for a particular image, that image’s front 
most central point (the mid point between furthest left and furthest 
right point at the front the image) is found, and a line is drawn 
between this central point and 0°. 
 
Analysis of listener responses for image skew indicates (as common 
sense dictates) that the degree of skew closely correlates with listener 
location. This is illustrated in Table 8.  
 
When listeners are positioned in seat 1, images are produced which 
are consistently skewed by a negative amount from the central axis (a 
negative skew indicates the image is located left of centre). Seat 3, as 
to be expected, produces images which tend to be skewed by a 
positive amount and in seat 2, participants have perceived there to be 
a less obvious skew in any particular direction with all images 
clustered around  the central vertical axis 0°.   
 
 Run  Seat 1 Seat 2 Seat 3 
One -22 -1 +37.5 
Two -51.5 +4 +52.5 
Three -23 -1 +21 
Four -17.5 -4 -2 
Five -47 +18 +47.5 
Six -67 +6 +56 
Seven -42.5 0 +41 
 
Table 8 : Mean Responses for Perceived Image Skew From Centre; in 
(°) from Listening Location 2 
 
Using Tables 8 and 9, image skew also appears to be influenced by 
loudspeaker location. From a central listening location, run five 
produces an image with a relatively large skew to the right. The 
loudspeaker pair for this run and for run six, which produces a 
similarly positive skew, is at the wide ±60° angle around seat 2. 
Although run two does not use the same wide loudspeaker location, it 
does use the same source material as run six, and achieves a similar 
result for image skew as for this run. It could therefore be argued that 
source material is another factor in how an image is skewed from 
centre. 
 
When the listeners move from the central listening location to one of 
the sub-optimal seats, the amount of skew for most runs, and in 
particular for runs two, five and six, becomes more pronounced. 
However responses for run four are not significantly altered, 
suggesting that perceived image skew is reduced in sub-optimal 
listening locations when the sound is reproduced over a loudspeaker 
pair in the optimum  ±30° location.  
 
            Image close to centre  higher degree of skew 
Seat 1  4       1 3 7 5 2 6 
Seat 2  7       1 3 4 2 6 5 
Seat 3  4       3 1 7 5 2 6
  
Table 9 : Investigation Run Numbers in Order of Increasing Skew from 
Centre  
 
3.3 Density Plots Of Depicted Percepts  
After analysing initial listener responses graphically and numerically, 
the depictions from all listeners to each stimulus in each listening 
location were plotted together on ‘total image’ density plots. 
Additional ‘focal image’ plots were created from the solo instrument 
depictions for each piece of source material to enable easier analysis 
of inter-listener reliability. The density plots created for total image 
and focal image can be found in appendices 1 and 2 respectively. 
 
3. 3. 1  Total Image Plots & Perceived Image Skew 
Although incredibly complex to study in any detail, what is 
immediately obvious from the total image plots of appendix 1 is that 
image skew is well represented using a graphical elicitation method. 
Density plots for runs three and four show all three listening 
locations to be densely clustered around the central axis, to such an 
extent that identifying which part of the image refers to which 
listener location is virtually impossible. This image superimposition 
around the centre suggests that these runs are not greatly influenced 
by listening location, indicative of their using the optimum 
loudspeaker location, ±30º. 
Listening location is influential in runs two, five and six, with the 
image being pulled towards the edges of the response sheet when 
sub-optimal listening locations are occupied by participants. This is 
particularly true of the responses associated with seat 1, a possible 
consequence of runs five and six using the non-standard ±60º 
loudspeaker arrangement and seat 1 being very close to the left 
speaker of this pair. Although run two uses loudspeaker location B3, 
the source material is the same as in run six. 
 
 
 
spatial attribute  influenced by  
Image width Listening location –        Optimum location results in the perception of wider images 
 
Listening location –        More distant location does not effect image width as expected 
 Listening location –        Source material affects image width in optimum location 
 Loudspeaker location –   Sub-optimal location affects width when combined with sub-optimal listening location  
Image Skew Listening  location –        Optimal location produces less skew than sub-optimal  
 Loudspeaker location –   Greater skew for wide loudspeaker location (±60° ) 
 Source material –            Depictions for same source material have similar perceived skew 
Image location Loudspeaker location –   Focal image plots suggest images are well localisable for sub-optimal locations 
 Source material –            clearer instruments in source material = more consistent location 
 
Table 10 : Influences of Investigation Variables Upon Spatial Attributes of Reproduced Sound 
 
It should be noted that when a total image plot is created from 
individual responses, ‘outliers’ in this individual data can sometimes 
lead to misleading results. For example, when one listener perceives 
the image to be very narrow but highly skewed to the right, and the 
other listeners perceived a narrow central image, the total image 
representation will be of a wider image spreading from a far right to 
central location. Even so, the depictions can be used to approximate 
the overall location of the various instruments quite successfully and 
indicate obvious differences in the imaging of the seven runs. 
  
3. 3. 2  Perceived Location Of Focal Instruments 
As different instruments have been represented by each participant, 
analysis of total image density plots to assess consistency between 
participants is difficult. Fortunately, and possibly unsurprisingly, all 
participants chose to represent a focal instrument (usually the soloist 
or vocalist) within their depictions. These instruments have been 
plotted in the ‘focal image’ density plots of appendix 2. 
 
What can be seen from these plots is that there is a level of 
consistency between the participants in their placing of this 
instrument. Runs five and six are the most consistent for principal 
instrument placing, with total agreement between listeners for all 
listening locations. It is suggested that the high correlation for these 
two runs is due to the images being well spaced out within the room, 
as a consequence of the sub-optimal loudspeaker location. With the 
focal instruments well located to the left and right of centre, (albeit to 
the detriment of the sound quality) the participants could have found 
it easier to represent the exact location of these instruments than 
those where less skew was present, (for example runs three and four) 
Runs two, one and seven, use the same loudspeaker location of B3, 
and in these runs (particularly one and seven) there is a good deal of 
difference between the perception of the focal instrument’s location. 
It may be that having a loudspeaker pair in the rear corners of a room 
diminishes the ability of a listener to pinpoint the location of an 
instrument within an image. Alternatively runs one and seven could 
have been affected by the source material – a classical piece with 
solo violin. The ambiguity between violin section and solo violin 
could have caused the poor localisation of the focal instrument. 
However it is interesting to note that the classical music was a 
particular bone of contention for one of the listeners, who was 
vociferous in a dislike for the ‘scratchy violin’ on the recording5. 
Listener opinion cannot be ruled out as a potential confounding 
variable in subjective assessment! 
 
 
4 CONCLUSION 
The conclusion for this paper is split into two sections. Firstly it 
identifies potential areas of further study by means of presenting a 
table of the findings from this initial work. Secondly some  
considerations for further study of the spatial attributes of 
loudspeaker reproduction using graphical elicitation techniques are 
outlined. 
 
                                                
5
 The recording was achieved using a single crossed pair of cardioid 
microphones.  
 
4.1 Potential Areas of Further Study Using Graphical 
Elicitation Techniques 
Table 10 outlines the conclusions of this study in terms of the 
influence of a particular variable (loudspeaker location etc) upon the 
different spatial attributes of image width, image skew and focal 
instrument location. Although many attributes have been considered 
throughout this study, perceived width, location and skew have 
provided the most conclusive results that a graphical technique is a 
useful method for eliciting responses about spatial percepts from 
participants. 
 
Even though many factors (described in detail in 4.2) limit the 
usefulness of the conclusions presented in Table 10, it is apparent 
that responses obtained using a graphical elicitation technique 
conform to conventional experience, with variances in source 
material, listener and loudspeaker location producing changes in the 
perceived spatial attributes of a stereo image in line with typical 
subjective listening experiments. Therefore, as this graphical 
technique appears to reflect conventional wisdom, it would be of 
interest to take individual spatial attributes (for example image width 
and image skew) and investigate how these are affected by the 
manipulation of variables which have not been subject to such 
intensive study, such as loudspeaker type. 
 
However it is not only the positive conclusions of this study that need 
to be investigated further. Although the results for perceived image 
depth are disappointing in this investigation with individualistic 
depictions being produced, it may be possible to still use a graphical 
elicitation technique to assess perceived image depth if the following 
considerations are taken into account: 
 
• The acoustically transparent screen may have prevented 
listeners from ‘scaling’ their responses accurately. It is believed 
[15] that in order to successfully map events in space, 
appropriate visual ‘landmarks’ are required. Whereas listeners 
could gauge the width of the room by following the position of 
the side walls, the rear wall of the listening space was not 
depicted, hence any image perception on a front-rear plane 
could have be subject to greater interpretation by the listener.  
 
• It is possible that image depth is not initially considered when 
participants are depicting the spatial attributes of an auditory 
stimulus. In the verbal part of the investigation, depth was not 
mentioned as an attribute of the reproduced sound until 
participants were specifically prompted for their ‘depth’ 
perception. 
 
• It may be that the attribute ‘depth’ is unclear to participants, 
especially when a source is presented in stereo. Width is an 
obvious spatial attribute of stereo material, do participants 
perceive stereo material to have any real ‘depth’?   
 
• The source material for this investigation was full of different 
spatial cues. If, as suggested above,  depth is not a ‘primary 
descriptor’ for stereo reproduction, it would be beneficial to 
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choose source material with obvious depth information as 
opposed to more heavily weighted spatial cues. 
 
It is therefore proposed that a specific experiment be carried out to 
establish more conclusive details about how the depth of a 
reproduced image is perceived. 
 
4.2 Considerations for Graphical Elicitation Investigations 
It is suggested that prior to undertaking any further investigations 
using this method, the following considerations be noted. 
 
Participants in this study received little instruction about what to 
draw from the complex sources presented to them. Although this 
enabled useful information to be gained about the intuitiveness of the 
elicitation method and the type of data graphical responses could 
produce, a lack of direction has meant that responses are highly 
individual. To obtain more repeatable responses it is suggested that 
the following steps be taken : 
 
• Establish what a participant is required to depict prior to 
commencing an investigation, hopefully enabling the listener to 
focus their attention on the attributes being investigated. This is 
particularly important if perceptions about the attribute are not 
normally elicited. It should be noted that this step may result in 
interesting information about other attributes being overlooked 
by the participant. 
 
• Source material needs to be simple and reflect the attributes 
being examined. Programme items should contain fewer 
instruments and those that are present need to be consistent in 
their spatial and temporal identities.  
 
The following alterations are also suggested to improve upon the 
current investigation: 
 
• To increase external validity, more participants should be used 
in future assessment. 
 
• To increase internal reliability and remove order effects, at least 
one repeat of each run should be included in the investigation. 
 
• The inclusion of programme items where it is not possible to 
have a prior knowledge of the spatial attributes of the music 
(such as synthetically created music) is suggested. 
 
• Response sheets used in future investigation should be drawn to 
scale to remove any confusion possibly caused due to the 
differences between guide sheet and the scale of the auditory 
event. 
 
4.3 Final Remarks 
Analysis of participant responses has shown that a graphical 
elicitation technique, found in this preliminary study to be quick and 
intuitive to use, can produce useful information regarding the 
influence of loudspeaker location, listener location and source 
material on the spatial representation of complex stereo sources. 
However this preliminary study is not an exact examination of this 
cause and effect relationship, and does not therefore attempt to 
suggest absolute conclusions based on this premiss. Rather, the 
investigation’s primary aim has been an exploration of the potential 
for graphical techniques in the elicitation of perceived spatial 
attributes from participants. Thus, in conclusion, possible areas for 
further study using graphical methods, and many associated practical 
considerations have been highlighted.  
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APPENDIX 1 
Each of the following seven plots displays the total image 
information for an individual run. By total image information it is 
meant that all listener responses from all three listening locations are 
present on each plot. The numbers on each image in each plot (1, 2, 
3) indicate the seat from which that image was depicted. Individual 
listener responses are not identified in the plots (other than by their 
depiction style), furthermore, individual instruments are not  named. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Total Image Plot 1: Run One all Depictions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Total Image Plot 2 : Run Two All Depictions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Total Image Plot 3: Run Three all Depictions 
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Total Image Plot 4: Run Four all Depictions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Total Image Plot Five : Run 5 all Depictions 
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Total Image Plot 6 : Run Six all Depictions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Total Image Plot 7 : Final Run all Depictions 
 
 
APPENDIX 2 
The following illustrations depict focal instrument plots for all seven 
runs in the investigation. The focal instrument was usually the solo 
instrument (or vocalist) in the programme material. As for the total 
image plots, numbers (1,2,3) are present within each image. These 
numbers represent the listening location from where that particular 
image was depicted. All listener depictions are present in these plots. 
However listener three participated in runs one to four only. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Focal Image Plot 1 : Run One, Solo Violin 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Focal Image Plot 2 : Run Two, Trumpet 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Focal Image Plot 3 : Run Three, Voice 
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Focal Image Plot 4 : Run Four, Guitar 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Focal Image Plot 5 : Run Five, Solo Voice 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Focal Image Plot 6 : Run Six, Trumpet 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Focal Image Plot 7 : Run Seven, Solo Violin 
 
